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(54)Tiae: MEIHOD FOR TUNING THIN FILM FBARS 
(57) Abstract 

A method for tuning a Thin Film Bulk Acoustic Wave 
Resonator (FBAR) located on a wafer. The FBAR comprises 
a plurality of layers having respective thicknesses. The FBAR 
exhibits at least one of a series resonance and a parallel resonance 
at respective frequencies that are a function of the thickness of 
at least one of the layers. A first step of the method includes 
measuring a frequency (10) at which the FBAR exhibits one of 
a series resonance and a parallel resonance. A next step includes 
calculating an amount (12) (A) by which the thickness of die at 
least one layer need to be altered in order to minimize a difference 
between the measured frequency and a reference frequency. A 
further step includes altering the thickness of the at least one 
layer by the amount (A) (14). 
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METHOD FOR TUNING THIN FIIJ4 FBARS 

FIELD OF THE INVENTION : 

This invention relates to Thin Film Bulk Acoustic Wave 
Resonators (FBARs) and, in particular, this invention 
relates to a method for tuning series and parallel resonant 
frequencies of FBARs constructed on wafers. 

BACKGROUND OF THE INVENTION ; 

Thin Film Bulk Acoustic Resonators (FBARs) are preferably 
fabricated to comprise layers having thicknesses that are 
within an acceptable range of so called "design" or nominal 
thicknesses. In this manner, when the FBARs are operated, 
they will exhibit series and parallel resonant frequencies 
(also collectively referred to as "resonant frequencies") 
which are within an acceptable error margin (e.g.^ within 
+ 1%) of design or "target" series and parallel resonant 
frequencies, respectively. Due to the fact that thin-film 
layers which form FBARs are not always reproducible, 
however, these layers may not always be formed to have 
precise design thicknesses. As a result, for a case in 
which, by example, a plurality of FBARs are fabricated, 
some of these FBARs may exhibit resonant frequencies that 
are beyond an acceptable error margin of the target 
resonant frequencies. 

High-quality production environments have been known to 
produce wafers having FBARs which exhibit series and 
parallel resonant frequencies ranging within + 1% of those 
yielded by other FBARs fabricated on a same wafer. 
However, FBARs fabricated on one wafer may not always 
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exhibit resonant frequencies that are within this range of 
resonant frequencies yielded by FBARs formed on other 
wafers. By example, for a case in which there is a 3% 
variation in the thin film layer thicknesses of FBARs of a 
number of separate wafers, and wherein each FBAR comprises 
five layers, there can be a 7% variation in the resonant 
frequencies of these devices. As a consequence of this 
variation of resonant frequencies, a number of the wafers 
may have FBARs which yield resonant frequencies that are 
beyond the acceptable tolerance of the design resonant 
frequencies. By example, in a case wherein there is a 
standard deviation of 3% in the resonant frequencies 
yielded by FBARs from a number of different wafers, only 
36% of the wafers may have FBARs yielding resonant 
frequencies ranging wit]^in +1% of design resonant 
frequencies. Unfortunately, these disparities typically do 
not become apparent until after the FBARs have been 
separated from the wafer and their resonant frequencies 
have been measured. 

In view of these problems, it can be appreciated that it is 
desirable to provide a technique which may be performed on 
FBARs after they have been formed on wafers, and which can 
be used to adjust or "tune" resonant frequencies exhibited 
by the FBARs in a manner that minimizes a disparity between 
the exhibited resonant frequencies and corresponding design 
resonant frequencies • 

One known technique which attempts to tune resonant 
frequencies yielded by quartz crystal devices involves 
depositing a metal such as gold through a mechanical mask 
over selected portions of the devices. Unfortunately, this 
technique requires a photolithography step which would be 
difficult and expensive to perform on FBARs having bridge 
structures • 

Thus, it is also desirable to provide a method for tuning 
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resonant frequencies exhibited by FBARs that is inexpensive 
and simple to perforin. 

OBJECTS OF THE INVENTION 

It is one object of this invention to provide a simple and 
inexpensive method for tuning a resonant frequency 
exhibited by Thin Film Bulk Acoustic Wave Resonators 
(FBARs) to minimize a disparity between the exhibited 
resonant frequency and a respective design resonant 
frequency • 

Further objects and advantages of this invention will 
become apparent from a consideration of the drawings and 
ensuing description. 

SUMMARY OF THE INVENTION 

The foregoing and other problems are overcome and the 
objects of the invention are realized by a method for 
tuning a Thin Film Bulk Acoustic Wave Resonator (FBAR) on 
a wafer. 

The FBAR comprises a plurality of layers having respective 
thicknesses, and exhibits at least one of a series 
resonance and a parallel resonance at respective 
frequencies that are a function of the thickness of at 
least one of the layers- The method includes a first step 
of measuring a frequency at which the FBAR exhibits one of 
a series resonance and a parallel resonance. A next step 
includes calculating an amount (A) by which the thickness 
of the at least one layer needs to be altered in order to 
minimize a difference between the measured frequency and a 
so called "design" or reference frequency. 

A next step includes altering the thickness of the at least 
one layer by the amount (A) . Preferably, this step is 
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performed to remove material from the layer. Although 
tuning can be achieved by adding material, the addition of 
material to the layer may cause a short-circuit within the 
FBAR, therefore requiring an extra step of removing a 
portion of the added material in order to eliminate the 
short-circuit . 

As a result of the step of altering the thickness of the at 
least one layer, the difference between the measured 
frequency and the reference frequency is minimized. 

In accordance with the invention, the at least one layer is 
one of a top electrode and a membrane layer. For a case in 
which the at least one layer is the top electrode, the step 
of altering is performed by etching the top electrode in, 
by example, one of fluorine plasma or chlorine plasma. 

For a case in which there are a plurality of FBARs 
constructed on a wafer, the step of measuring described 
above is performed by measuring frequencies at which 
selected ones of the FBAks exhibit one of a series 
resonance and a parallel resonance. An average of the 
measured frequencies is then calculated. A next step 
includes calculating an amount (A) by which the thickness 
of the at least one layer of each selected FBAR needs to be 
altered in order to minimize a difference between the 
calculated average of the measured frequencies and a 
reference frequency. 

Thereafter, the at least one layer thickness of each of the 
plurality of FBARs is altered by the amount (A) . In this 
manner, the plurality of FBARs may be tuned on the wafer. 
A further step includes cutting or dicing the wafer into 
individual FBAR chips. 

In addition to applying the method of the invention to 
FBARs of a single wafer, the method inay be performed in 
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cases wherein there are a plurality of wafers. For this 
case, the steps described above may be performed to tune 
the FBARs of each wafer. In this manner, each of the 
wafers can be tuned individually so that its respective 
FBARs exhibit resonant frequencies ranging within a ±1% 
error margin of the design resonant frequency. 

In an exemplary case in which there is a 3% standard 
deviation in the series resonant frequencies exhibited by 
FBARs of the plurality of wafers, as many as 99.7% of the 
wafers can be tuned successfully by designing the FBARs to 
yield resonant frequencies that are 4.5% below a target 
resonant frequency. A standard deviation curve for this 
exemplary case is shown in Fig. 11. 

According to another aspect of the invention, the tuning of 
FBARs may be accomplished by the addition of a layer of a 
dielectric material to a portion of the respective FBARs. 
After the dielectric material is deposited over the FBARs, 
portions of the material may be covering contact pads of 
the electrodes. In this tevent, these portions of the 
deposited material are removed in order to allow wires to 
be bonded to the contact pads. 

BRIEF DESCRIPTION OF T HE DRAWINGS 

The above set forth and other features of the invention are 
made more apparent in the ensuing Detailed Description of 
the Invention when read in conjunction with the attached 
Drawings, wherein: 

Fig. 1 illustrates a flow diagram of a method performed in 
accordance with the invention for tuning at least one of a 
series resonant frequency and a parallel resonant frequency 
exhibited by Thin Film Bulk Acoustic Wave Resonators 
(FBARs) constructed on a wafer. 
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Fig, 2 illustrates a cross-section of an exemplary "design" 
FBAR formed on a wafer, wherein the FBAR comprises layers 
with nominal or design thicknesses. 

Fig» 3a illustrates a cross-section of a portion of an 
exemplary FBAR constructed on a wafer, showing a thickness 
T of a top electrode layer. 

Fig. 3b illustrates an exemplary FBAR formed on a wafer, 
wherein the FBAR comprises a thin film protective layer. 

Fig. 4 illustrates the FBAR and wafer of Fig. 3a after 
having undergone the method of Fig. 1. 

Fig, 5 illustrates a graph, showing a relationship between 
thicknesses of an FBAR top electrode and series resonant 
frequencies exhibited by the FBAR. 

Fig. 6a illustrates a cross-section of an exemplary FBAR 
constructed on a wafer, showing a membrane layer having a 
thickness of Tl. 

Fig. 6b illustrates the FBAR and wafer of Fig. 6a after 
having undergone the method of Fig. 1. 

Fig. 7 illustrates an exemplary wafer having a plurality of 
FBARs formed thereon. 

Pig. 8 illustrates a flow diagram of a method performed in 
accordance with the invention for tuning at least one of a 
series resonant frequency and a parallel resonant frequency 
exhibited by FBARs, wherein such tuning is achieved by 
adding a dielectric material to selected portions of the 
FBARs . 

Fig. 9 illustrates an example of a step of the method of 
Fig. 8, wherein the dielectric material is deposited 
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through a mechanical mask opening over the selected 
portions of FBARs. 

Fig. 10 illustrates a graph showing the manner in which the 
series resonant frequencies exhibited by an FBAR are 
related to various thicknesses of an added layer of 
dielectric material that is formed of zinc-oxide (.ZnO) . 

Fig. 11 is a standard deviation curve for an exemplary case 
in which the method of the invention is employed. 

DETAILED DESCRIPTION OF THE INVENTION 

The fabrication of Thin Film Bulk Acoustic Wave Resonators 
(hereinafter referred to "FBARs") on wafers may not 
always produce FBARs which yield actual parallel and series 
resonant frequencies (also collectively referred to as 
"resonant frequencies") that are within an acceptable error 
margin (e.g., within 1%) of nominal or so called "design" 
resonant frequencies. Being that the thicknesses of layers 
forming FBARs and the typ^s of materials forming these 
layers at least partially influence the frequencies at 
which the FBARs resonate, the disparity between the design 
and actual resonant frequencies can be a consequence of an 
associated disparity between design and actual layer 
thicknesses of the FBARs. 

The inventor has recognized that by altering the structure 
of individual FBARs formed on wafers, and before dicing the 
wafer, the FBARs can be "tuned" so that they exhibit a 
series or parallel resonant frequency that is within an 
acceptable error margin (e.g., within 1%) of a design 
series or parallel resonant frequency, respectively. As 
such, the inventor has developed an inexpensive method for 
performing such tuning. 

According to a preferred method of the invention, the FBARs 
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are tuned by reducing the thicknesses of a top electrode 
layer of individual ones of the FBARs. The method may be 
understood in view of Figs. 1 and 2, which illustrate a 
flow diagram of the method and a cross-section of an 
exemplary FBAR 19 having design or reference dimensions, 
respectively. The method includes a number of steps, which 
will be described below. The FBAR 19 comprises a top 
electrode 2B, a bottom electrode 24, a piezoelectric layer 
26, and a bridge or "membrane" layer 22 constructed on a 
wafer 20. For the purposes of this description, the FBAR 
19 is designated as a "design reference FBAR", and 
represents a design or model version of an FBAR based upon 
which actual FBARs are fabricated. For an exemplary case, 
it is assumed that the FBAR 19 is designed so that: (a) the 
top and bottom electrodes ^ 24 and 28, respectively, each 
comprise Molybdenum (Mo) having a thickness of 300nm? (b) 
the piezoelectric layer 26 comprises zinc-oxide (ZnO) 
having a thickness of 2060nm? and (c) the bridge layer 22 
comprises silicon-dioxide (SiOj) having a thickness of 
400nm. It is also assumed that the FBAR 19 is designed to 
have a series resonance at a frequency of 954.6 MHz. 

A first step of the process is designated by Block 10 in 
Fig. 1. For this step, sample measurements are taken of a 
selected number of FBARs fabricated on a single wafer to 
determine the frequencies at which the selected FBARs 
exhibit one of a series resonance and a parallel resonance. 
The number and locations of FBARs selected may be randomly 
selected, or may be based on upon some predefined 
criterion, as long as a sufficient number of measurements 
are taken to obtain a representative average of the 
measured frequencies, as will be described below. The 
measurements may be performed in any suitable manner. For 
example, each of the selected FBARs may be connected to a 
wafer prober coupled to • a device for measuring the 
frequency response of the FBAR in response to an applied 
signal. The frequency of the applied signal is varied as 
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needed until the FBAR exhibits its characteristic series or 
parallel resonance. For the purposes of this description, 
it is assumed that this step is performed to measure the 
series resonant frequency of the selected FBARs. 

Fig. 7 illustrates an exemplary wafer 20 prior to being 
diced. A plurality of FBARs are fabricated on the wafer 
20. Each of the FBARs is designated as a square in Fig. 7. 
A representative one of the FBARs is labeled "19'". The 
FBARs identified with "x" represent the FBARs selected to 
be measured. 

Based upon the measured series resonant frequencies 
exhibited by the selected FBARs, an average of these 
frequencies is then calculated. Being that FBARs located 
on a single wafer typically exhibit resonant frequencies 
that are within 1% of those of other FBARs located on the 
wafer, the calculated average may be considered to be 
representative of the series resonant frequency of each of 
the FBARs located on the wafer. 

Fig. 3a illustrates FBAR 19' constructed on a portion of 
the wafer 20. For the purposes of this description, the 
FBAR 19 • is deemed to represent an FBAR that yields the 
calculated average series resonant frequency. Also for the 
purposes of this description, FBAR 19* is designated as an 
"actual representative FBAR 19'". FBAR 19' comprises 
similar elements as the design representative FBAR 19 of 
Fig. 2, except that the layers forming FBAR 19 • are deemed 
to have different thicknesses that those of FBAR 19 owing 
to, by example, inaccurate layer formations made during the 
fabrication process of the FBAR 19'. Fig. 3a also shows a 
top electrode 28 of the actual representative FBAR 19 » 
having a thickness of T. 

For a next step, which is designated by Block 11, it is 
determined if the calculated average series resonant 
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frequency is within an acceptable error margin (e.g., 
within ±1%) of the design series resonant frecjuency (also 
referred to in Fig. 1 as a "reference resonant frequency") 
(e.g., 954.6 MHz). If the calculated average series 
resonant frequency is within the acceptable error margin of 
the design series resonant frequency, the wafer may then be 
cut into chips (Block 18), and no further steps need to be 
performed. 

In an exemplary case, however, it is assumed that the 
calculated average resonant frequency is approximately 917 
MHz, which is not within the acceptable error margin 
(within ±1%) of the design series resonant frequency of 
954.6 MHz. As such, it can be concluded that at least a 
substantial number of th^ FBARs located on the wafer 
comprise layers having thicknesses that are not within an 
acceptable tolerance of the design thicknesses. Thus, 
further steps of the process designated by Blocks 12 and 14 
may then be performed. 

The step designated by Block 12 may be understood in 
consideration of Fig. 5, which illustrates a graph showing 
the manner in which series resonant frequencies exhibited 
by an FBAR are related to various thicknesses of a top 
electrode of the FBAR. As can be seen from the graph, the 
inverse of each particular series resonant frequency is a 
function of a corresponding particular thickness of the top 
electrode. The relationship is practically a linear one 
and is indicated by the line labelled "30". It should be 
noted that modeling with respect to device layer 
thicknesses may be performed using any suitable technique, 
including that disclosed in an article entitled "Systematic 
Design of Stacked-Crystal Filters by Microwave Network 
Methods", IEEE Trans. Microwave Theory Tech., vol. MTT~22, 
pp. 14-25, Jan. 1974, by Arthur Ballato, Henry L. Bertoni, 
and Theodor Tamir. 
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The relationship shown in Fig. 5 is used to determine an 
amount (also referred to as "amount (A)") of material 
needed to be removed from the top electrodes of the FBARs 
on the wafer in order to tune their series resonant 
frequencies to be within the acceptable error margin (e.g., 
within ±1%) of the design series resonant frequency. This 
is accomplished in the following manner. Using the 
calculated average series resonant frequency of 917 MHZr 
the top electrode thickness which corresponds to this 
frequency is interpolated from the linear relationship 
shown in Fig. 5. By example, it can be seen that the 
resonant frequency of 917 MHz occurs when the top electrode 
has a thickness of approximately 38 6nm. It can also be 
appreciated from Fig. 5 that in order to achieve a series 
resonant frequency that is, equal to the design or "target" 
series resonant frequency of 954.6 MHz, the thickness of 
the top electrode needs to be reduced by B6nm to a 
thickness of approximately 300nm. An actual calculation 
performed assuming this reduction in thickness resulted in 
a resonant frequency of 957.4 2 MHz, which is 0.29% (i.e., 
less than 1%) above the target frequency. It should be 
noted that this step may be performed by any suitable means 
such as, by example, a computer program. 

A next step of the process is designated by Block 14 of 
Fig* 1. During this step, material is removed from the top 
electrodes of each FBAR on the wafer by, for example, dry 
etching using fluorine plasma (hereinafter referred to as 
"F plasma") , as will be described below. Prior to the 
performance of this step, portions of the FBARs and of the 
wafer which are not to be etched may be protected so that 
they will not be affected by the etching process. By 
example, a material which is passive in F plasma may be 
sputtered over the areas of the FBARs and over the areas of 
the wafer that are not to be etched. The material, which 
may comprise, by example. Aluminum Nitride (AIN) , Aluminum 
(Al) , or Zinc-Oxide (ZnO) , is then patterned appropriately 
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to form a protective thin- film layer 31 (Pig. 3b) . 

Thereafter, the top electrode of each individual FBAR on 
the wafer is etched in, for example, F plasma, to reduce 
the top electrode thickness by the amount (A) (e.g., 86 nm) 
calculated in the step designated by Block 12. Fig. 4 
illustrates an example of the actual representative FBAR 
19 ' after having its top electrode thickness T reduced by 
the amount (A) to a thickness of 

Because FBARs located on a common wafer typically exhibit 
resonant frequencies that are within 1% of those of other 
FBARs located on the wafer, the reduction of the top 
electrode thicknesses of the FBARs (based upon the 
calculated average of the, series resonant frequencies) 
causes the respective FBARs to yield series resonant 
frequencies that are substantially equal to the design 
series resonant frequency, and which are at least within a 
±1% error margin of the design series resonant frequency. 
In this manner, each of the FBARs on the wafer is tuned 
simultaneously. For the pilrposes of this description, a 
wafer having tuned FBARs is designated as a "tuned wafer". 

The results of the top electrode thickness reduction may be 
verified by re-measuring the series resonant frequencies of 
a selected number of the FBARs (Block 10) , and thereafter 
calculating an average of these measured frequencies in a 
similar manner as described above. For a case in which it 
is determined that the calculated average of the re- 
measured series resonant frequencies is within the 
acceptable error margin of the target series resonant 
frequency (Block 11) , then no more dry etching needs to be 
performed to reduce the top electrode thicknesses, and the 
wafer may then be cut into chips (Block 18) . For a case in 
which it is determined that the calculated average of these 
frequencies is beyond the acceptable error margin, then the 
steps designated by Blocks 12, 14 and 10 may then be 
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performed again until it is determined that the FBARs are 
successfully tuned* Thereafter, the wafer 20 may be cut 
into chips (Block 18) . 

It should be noted that this description is intended to be 
exemplary in nature and not limiting to the scope of the 
invention. By example, the method described above may be 
performed on a single FBAR which is located on a portion of 
an already-cut wafer. For this case, no calculation needs 
to be performed to obtain an average series resonant 
frequency, and the steps may be performed simply based upon 
a measurement of the series (or parallel) resonant 
frequency yielded by the single FBAR, Also by example, the 
method may be performed by measuring and tuning the 
parallel resonant frequencies of a selected number of FBARs 
instead of by measuring and tuning the series resonant 
frequencies of these devices. Also, the etching of the top 
electrode may be performed using chlorine plasma instead of 
F plasma, or by using any suitable material removal method 
depending on the nature of the material that forms the top 
electrode. Moreover, the FBARs illustrated in Figs. 2, 3a, 
3b, and 4, and those shown in Figs. 6a and 6b, which will 
be described below, are intended to be exemplary in nature, 
and it is to be understood that the method of the invention 
may be performed on any other types of FBAR structures. By 
example, the method can be performed to an FBAR having a 
top electrode 28 comprised of tungsten (W) or tantalum (Ta) 
instead of Molybdenum (Mo) , or the structure of the FBAR 
layers may be different. 

The thinning of the top electrodes of the FBARs increases 
the respective series resistances of the FBARs. By 
example, prior to the etching of the top electrode of an 
individual FBAR, the FBAR has an internal loss resistance 
of O.sn or less. Also, for a case in which the top 
electrode is comprised of Mo and has a thickness of 300nm, 
the top electrode's sheet resistance is 0.4 in. As such. 
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the total series resistance of the FBAR (top and bottom 
electrodes of a given area) is 2. in. The removal of 80nm 
from the top electrode increases the total series 
resistance of the FBAR to 2.40 and decreases the Q value of 
the FBAR by 12%. For cases in which it is known that such 
a series resistance would have a negative effect upon a 
particular application, the FBARs may be designed to have 
top electrodes with thicknesses of 400nm and ZnO layers 
with thicknesses that are correspondingly thinner. 

In an exemplary case wherein the method described above is 
employed to tune FBARs of a plurality of wafers, it is 
assumed that there is a 3% standard deviation in the series 
resonant frequencies exhibited by the FBARs of the 
plurality of wafers. By designing the FBARs so that they 
yield resonant frequencies that are 4 . 5% below the target 
resonant frequency, 99.7% of the wafers can be tuned 
successfully • 

In accordance with the invention, the method may also be 
performed by reducing another layer of the individual FBARs 
instead of by reducing the top electrode. More 
particularly, after the performance of the steps designated 
by Blocks 10 and 11, the step of Block 12 may be performed 
to another one of the FBAR layers having a thickness and a 
material influencing the frequencies at which the FBARs 
exhibited resonances. By example. Fig. 6a illustrates an 
exemplary FBAR 22* comprising a substrate 20, an air gap 
34, a membrane 29 formed of silicon dioxide (SiOg) , a 
piezoelectric layer 26, and top and bottom electrodes 28 
and 24, respectively. Membranes formed within FBARs are 
known to have thicknesses which influence the frequencies 
at which the FBARs exhibited resonances. As such, based 
upon a known relationship between various membrane 
thicknesses and FBAR resonant frequencies, the FBAR 22' 
can be tuned by altering (e.g., reducing) the thickness Tl 
of the membrane 29. The alteration of the membrane's 
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thickness may be performed via any suitable technique such 
as, for example, a photolithpgraphic technique. For 
example, the membrane 24 can be gas phase etched through 
the air gap 34. After the membrane thickness has been 
altered as such, the steps designated by Blocks 10, 11, and 
18 may then be performed. Fig, 6b illustrates the FBAR 22* 
after the thickness Tl of membrane 24 has been reduced to 
a thickness of Tl*. 

Further in accordance with the invention, each FBAR may be 
tuned by adding material to a portion (e.g.,. the top 
electrode) of the FBAR. In an exemplary case, similar to 
that described above for the single wafer application, it 
is assumed that the performance of the steps designated by 
Blocks 10, 11, and 12 results in a calculated average 
series resonant frequency which corresponds, according to 
the relationship shown in Fig. 5, to a top electrode 
thickness of 250nm. In this event, it can be concluded 
based on the graph of Fig. 5 that 50nm of material needs to 
be added to the top electrode in order to tune the series 
resonant frequency to a target series resonant frequency of 
954.6 MHz. As such, 50nm of material (e.g., Mo) can then 
be deposited via, by example, vacuum deposition, over the 
top electrode (Block 14) , and the remaining steps of the 
method may be performed until the FBAR is successfully 
tuned. A suitable mask is first provided so that 
deposition occurs only at the desired locations. 

It should be noted that the addition of a layer of metal 
may cause the top and bottom electrodes to become short- 
circuited to one another. In this event, a portion of the 
added layer needs to be removed to eliminate the short- 
circuit. This may be accomplished by, for example, 
employing a photolithographic technique to remove the layer 
portion causing the short-circuit. For cases in which the 
FBARs comprise bridge structures, however, an easier 
technique such as, by example, laser cutting, may be 
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performed to remove the layer portion. 

According to another aspect of the invention, the tuning 
may be accomplished by the addition of a layer of a 
dielectric material to a portion of the respective FBARs. 
Fig* 8 shows a flow diagram of the steps performed in 
accordance with this aspect of the invention. The steps 
designated by the Blocks 10*, 11*, and 18 • are performed in 
a similar manner as the steps designated by the Blocks 10, 
11, and 18, respectively, of Fig. 1. In an exemplary case, 
similar to that described above for the single wafer 
application, it is assumed that the performance of the 
steps designated by Blocks 10* and 11' results in a 
calculated average series resonant frequency of 994.28 MHz. 
This frequency may result owing to, by example, FBARs being 
fabricated which have layers of thicknesses that are 4% 
thinner than design thicknesses. 

After the steps designated by Blocks 10' and 11 » are 
performed, a step designated by Block 12' is performed. 
This step may be understood in view of Fig. 10, which 
illustrates a graph showing the manner in which the series 
resonant frequencies exhibited by an FBAR are related to 
various thicknesses of an added layer of dielectric 
material that is formed of, by example only, zinc-oxide 
(ZnO) . As can be seen from the graph, the inverse of each 
particular series resonant frequency is a function of a 
corresponding thickness of the added layer of ZnO. 

In view of Fig. 10, it can be seen that for this exemplary 
case, the inverse of the calculated average series resonant 
(e.g., 994.28 MHz)needs to be increased by 0.04185/GH2 in 
order to reach the inverse of the target frequency (e.g., 
9 54.6 MHz) . It can also be appreciated that a layer having 
a thickness of 14 9 nm needs to be formed over a selected 
portion of the FBAR in order to achieve this result and to 
tune the series resonant frequency to a target series 

SUBSTITUTE SHEET (RULE 26) 
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resonant frequency of 954.6 MHz. 

After the step of Block 12 « is performed, the material is 
then be deposited over selected portions of the FBAR (Block 
14 • ) f thereby forming an "added" layer having a thicknesses 
of about 149nm. The deposition of the material is 
preferably performed using a mechanical mask. By example. 
Fig. 9 shows a representation of an opening (surrounded by 
the square (S) ) in a mechanical mask. The opening has a 
length that is, by example, about 1 mm long. Through the 
mask opening, the appropriate amount of dielectric material 
is deposited over selected portions of various FBARs (F) 
(shown as part of an exemplary ladder filter) formed on a 
substrate SI. The mechanical mask may comprise any 
suitable material, and may be formed by, for example, 
anisotropic etching of a (100) silicon wafer 

After the step designated by Block 12' is performed, the 
remaining steps of the method may be performed until 
successful tuning of the FBAR is achieved. An actual 
calculation performed assuming an addition of a ZnO layer 
having a thickness of 149nm resulted in a resonant 
frequency of 954.4 MHz, which is 0.02% below the target 
frequency. 

After the dielectric material is deposited over the FBARs, 
portions of the material may cover contact pads of the 
electrodes. In this event, these portions of the deposited 
material are removed in order to allow wires to be bonded 
to the contact pads. This may be accomplished using a 
photolithographic or laser cutting technique as described 
above . 

It should be noted that the exemplary case described above 
is not intended to limit the scope of the invention, and 
that other suitable materials and other means may be 
employed to carry out the method. By example, the step 
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designated by Block 12* may be performed by any suitable 
means such as, for example^ a computer program. Also, it 
should be noted that any suitable dielectric material may 
be used in lieu of ZnO to be added to the FBARs. However, 
the use of ZnO to form the added layer is preferred in 
cases wherein the FBAR piezoelectric layers are also formed 
of ZnO since the sputtering of both these layers nay be 
performed easily. 

While the invention has been particularly shown and 
described with respect to preferred embodiments thereof, it 
will be understood by those skilled in the art that changes 
in form and details may be made therein without departing 
from the scope and spirit, of the invention. 
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CIAIMS 

What: is claimed is: 

1. A method for tuning a Thin Film Bulk Acoustic 
Wave Resonator (FBAR) constructed on a wafer, the FEAR 
comprising a plurality of layers having respective 
thicknesses, the FBAR exhibiting at least one of a series 
resonance and a parallel resonance at respective 
frequencies that are a function of the thickness of at 
least one of the layers, comprising the steps of: 

measuring a frequency at which the FBAR exhibits one 
of a series resonance and a parallel resonance; 

calculating an amount (A) by which the thickness of 
the at least one layer needs to be altered in order to 
minimize a difference between the measured frequency 
and a reference frequency; and 

altering the thicknes^ of the at least one layer by 
the amount (A) , thereby minimizing the difference 
between the measured frequency and the reference 
frequency • 

2. A method as set forth in Claim 1, wherein the at 
least one layer is a top electrode. 

3. A method as set forth in Claim 1, wherein the at 
least one layer is a membrane layer. 

4. A method as set forth in Claim 1, wherein the 
step of altering is performed by one of removing a portion 
of the at least one layer and adding material to the at 
least one layer. 

5. A method as set forth in Claim 2, wherein the 
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step of altering is performed by etching the top electrode. 

6. A method as set forth in Claim 1, wherein the 
step of altering is performed by depositing a metal 
material over at least a portion of the at least one layer. 

7. A method as set forth in Claim 3, wherein the 
step of altering is performed using a photolithographic 
technique. 

8. A method for tuning individual ones of a 
plurality of Thin Film Bulk Acoustic Wave Resonators 
(FBARs) constructed on a wafer, each of the FBARs 
comprising a plurality of layers having respective 
thicknesses, each of the FpARs exhibiting at least one of 
a series resonance and a parallel resonance at respective 
frequencies that are a function of the thickness of at 
least one of the layers forming the plurality of FBARs, 
comprising the steps of: 

measuring frequencies at which selected ones of the 
FBARs exhibit one of a series resonance and a parallel 
resonance; 

calculating an average of the measured frequencies; 

calculating an amount (A) by which the thickness of 
the at least one layer needs to be altered in order to 
minimize a difference between the calculated average 
of the measured frequencies and a reference frequency; 
and 

simultaneously altering the thickness of the at least 
one layer of each of the plurality of the FBARs by the 
amount (A) , thereby minimizing the difference between 
the reference frequency and resonant frequencies 
yielded by the FBARs. 
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9. A method as set forth in Claim 8, further 
comprising the step of cutting the wafer into FBAR chips 
after the step of altering has been performed. 

10. A method for tuning a Thin Film Bulk Acoustic 
Wave Resonator (FBAR) constructed on a wafer, the FBAR 
exhibiting at least one of a series resonance and a 
parallel resonance before a layer is formed over the FBAR, 
wherein after the layer is formed over at least a portion 
of the FBAR, the FBAR exhibits at least one of a series 
resonance and a parallel resonance at frequencies that are 
a function of a thickness of the layer, comprising the 
steps of: 

measuring a frequency^ at which the FBAR exhibits one 
of a series resonance and a parallel resonance before 
the layer is formed over the FBAR; 

determining a thickness of the layer to be formed over 
at least a portion of the FBAR in order to minimize a 
difference between the measured frequency and a 
reference frequency; and 

forming the layer of dielectric material to have the 
thickness determined to minimize the difference 
between the measured frequency and the reference 
frequency. 

11. A method as set forth in claim 10, wherein the 
layer is formed of a dielectric material. 

12. A method as set forth in claim 10, wherein the 
layer is formed of zinc-oxide (ZnO) . 

13. A method as set -forth in claim 10, wherein the 
step of forming is performed using a mechanical mask. 
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14. A method for tuning individual ones of a 
plurality of Thin Film Bulk Acoustic Wave Resonators 
(FBARs) constructed on a wafer, each of the FBARs 
exhibiting at least one of a series resonance and a 
parallel resonance at respective frequencies before a layer 
is deposited over the FBAR, wherein after the layer is 
formed over at least a portion of the individual FBARs, the 
FBARs exhibit at least one of a series resonance and a 
parallel resonance at frequencies that are a function of a 
thickness of the layer, comprising the steps of: 

measuring frequencies at which selected ones of the 
FBARs exhibit one of a series resonance and a parallel 
resonance before the layer is formed over the FEAR; 

calculating an average of the measured frequencies? 

calculating a thickness (T) of the layer that is to be 
formed over at least a portion of the FBARs in order 
to minimize a difference between the calculated 
average measured frequency and a reference frequency; 
and 

simultaneously forming the layer (T) over at least a 
portion of the individual FBARs so that the layer has 
the thickness (T) , thereby minimizing the difference 
between the reference frequency and the resonant 
frequencies yielded by the FBARs. 

15. A method as set forth in claim 14, wherein the 
layer is formed of a dielectric material. 

16. A method as set forth in claim 14, wherein the 
layer is formed of zinc-oxide (ZnO) . 

17. A method as set forth in claim 14, wherein the 
step of forming is performed using a mechanical mask. 
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MEASURE FREQUENCIES AT WHICH 
SELECTED FBARs MOUNTED ON A 
SINGLE WAFER EXHIBIT PARALLEL 
OR SERIES RESONANCES. AND 
CALCULATE AN AVERAGE OF THE 
MEASURED PARALLEL OR SERIES 
RESONANT FREQUENCIES 




N 



CALCULATE AN AMOUNT (A) BY 
WHICH A LAYER OF THE FBARs 
NEEDS TO BE THINNED OR THICKENED 
SO THAT THE FBARs EXHIBIT 
RESONANT FREQUENCIES THAT 
ARE WITHIN AN ACCEPTABLE 
ERROR MARGIN OF THE 
REFERENCE RESONANT 
FREQUENCY 
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REDUCE OR INCREASE THE LAYER 
THICKNESSES OF EACH OF THE 
TOTAL NUMBER OF FBARs 
MOUNTED ON THE WAFER 



FIG. 1 
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FIG. 6a 




FIG. 6b 
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MEASURE FREQUENCIES AT WHICH 
SELECTED FBARs MOUNTED ON A 
SINGLE WAFER EXHIBIT PARALLEL 

OR SERIES RESONANCES. AND 
CALCULATE AN AVERAGE OF THE 
MEASURED PARALLEL OR SERIES 
RESONANT FREQUENCIES 




N 



CALCULATE AN AMOUNT OF \ 12 

MATERIAL WHICH NEEDS TO BE V 

ADDED TO THE FBARs \ 

SO THAT THE FBARs EXHIBIT \ 

RESONANT FREQUENCIES THAT ] 

ARE WITHIN AN ACCEPTABLE / 

ERROR MARGIN OF THE / 

REFERENCE RESONANT / 

FREQUENCY / 



ADD THE MATERIAL THROUGH A 
MECHANICAL MASK TO EACH OF 
THE TOTAL NUMBER OF FBARs 
MOUNTED ON THE WAFER 

I 




FIG. 8 
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